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Technical field of t he present invention 

The present invention relates to a permselective 
asymmetric hollow fiber membrane suitable for, for 
example, hemodialysis, to a process for manufacturing 
such a membrane and to the use thereof. The membrane 
according to the present invention comprises at least one 
hydrophobic polymer and at least one hydrophilic polymer. 

Membranes of the above kind present special 
advantages when they are used in connection with 
different kinds of medical treatments, such as 
hemodialysis, hemof iltration and hemodiaf iltration. They 
may, however, also be used in dialysis and filtration in 
general, for example in water purification or 
dehydration . 
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Background of the invention 

Membranes of the above kind are described in detail 
in, for example, ep-a-O 168 783, EP-B-0 082 433, and 
WO 86/00028. These membranes are manufactured from 
polymeric synthetic materials, they have asymmetric 
structure with high diffusive permeability (clearance) 
and have water filtration capability with ultrafiltration 
in the range of low flux to high flux. In EP-A-0 305 787, 
a 3 -layer structure membrane and filter with 
corresponding performance, is disclosed. 

The membranes according to prior art are well 
performing, but still have some space for improvement and 
optimization. The areas of improvable properties are that 
the fibers are difficult to handle, they stick together 
and adhere to each other, which cause problems during 
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manufacturing of dialysers, specifically when potting 
them in polyurethane (PUR) , Further, the permeability of 
the fibers is still improvable. Thus, the diffusive 
permeability (clearance) for different molecular weight 
5 substances in the range of urea can be improved, as well 
as to a higher extent the permeability for substances 
with middle molecular weight range, like p 2 -M of factor D 
and others, but with low albumin permeability. 

To achieve a high permeability for the substances 
10 with low and middle molecular weight on the one hand and 
on the other hand have a low permeability for albumin, is 
one of the requirements put on dialysis membranes. This 
characteristic is called * selectivity" . The selectivity 
of prior art membranes still needs to be improved. 

15 

Summary of the invention 

The object of the present invention is to improve 
hollow fiber membranes comprised of at least one 
hydrophobic polymer and at least one hydrophilic polymer, 
being suitable for, for example, hemodialysis. This 
object is achieved by a hollow membrane with an outer 
surface having pores in the size range of 0,5 to 5 ixm and 
having number of said pores in the range of 10 000 to 150 
ooo pores per mm 2 , preferably in the range of 20 000 to 
25 100 0 00 pores per mm a . 

A further object of the present invention is to 
provide a process for the preparation of the membrane 
according to the present invention. 

This object is achieved by a solvent phase inversion 
3 0 spinning process, comprising the steps of 

a) said at least one hydrophobic polymer and said at 
least one hydrophilic polymer are dissolved in at least 
one! solvent to form a polymer solution, 
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b) said formed polymer solution is extruded through 
an outer ring slut of a nozzle with two concentric 
openings, 

c) a center fluid is extruded through the inner 
5 opening of the no22le, thereafter 

d) said membrane is washed and preferably dried. 
According to the present invention the polymer solution 
coming out through the outer slit opening is, on the 
outside of the precipitating fiber, exposed to a humid 

10 steam/ air mixture. 

Yet another object of the present invention is to 
provide use of the membrane according to the invention in 
hemodialysis, hemodiafiltration, hemof iltration, and in 
dialysis and filtration in general, for example for water 
15 purification or dehydration. 

Other objects, features, advantages and preferred 
embodiments of the present invention will become apparent 
from the following detailed description when taken in 
conjunction with the enclosed scanning micrographs and 
2 0 the appended claims. 

Detaile d description of the invention 

The present invention improves the deficiencies of I 

prior art membranes by a membrane with a unique outer ! 
25 surface of the hollow fiber membranes. 

The outer layer is characterized by homogenous and I 

open pore structure with a defined surface roughness . The ' 

openings of the pores are in the sise range of 0,S-3 Jim, I 

furthOT the number of pores on the outer surface is in ! 

30 the range of 10 ooo to ISO 000 pores per mm 2 , preferably \ 

in the range of 20 000 to loo 000 pores per mm 3 . In the ! 
enclosed scanning micrographs you can see micropgraph 

pictures of the outer surface of a hollow fiber according ! 

I 

I 
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to the invention (Fig. l and Fig. 2), where you clearly 
see the porea of the outer surface. In Pig. 3, you can 
see the outer surface of a. hollow fiber, which is not 
according to the invention. i 
5 An outer surface like the one according to the 

present invention provides for many advantages 

One advantage is that it provides for a hollow fiber 
membrane, which is non-sticky and is easy to handle. This 
leads to less cracks and holes in the fibers during the 
10 manufacturing process, which in turn leads to less scrap 
in the manufacturing process. 

Another advantage is that the hollow fiber has less 
tendency to adhere to the hollow fibers lying close to it 
in the bundle-, this due to the high numbers of pores over ' 
the surface. Thus, the dialysate surrounding the hollow 
fibers during use has enhanced access to the hollow 
fibers when they are less inclined to adhere to each 
others, and during the potting of the hollow fibers the 
potting material, usually PUR, also has enhanced access 
to the individual hollow fibers providing a proper and I 
more reliable potting around each hollow fiber. 

Still another advantage, is that the high numbers of 
pores gives enhance access for the polyurethane (PUR) 
during potting to penetrate through the membrane outside 
25 part into the structure of the membrane. The penetration 
of PUR into the structure gives a safe fixation of the 
membrane and herewith a leakage free potting of fibers. 

This specific surface on the outside of the hollow 
fiber is achieved by modifying the spinning polymer 
30 solution composition only in the outer section of the 

hollow fiber membrane wall by penetration of water from a 
very specific steam/air atmosphere into the first 1-15 urn 
of polymer solution layer just before the precipitation 
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from the inside arrives at this layer. The penetration 
occurs in less than 0,5 seconds. 

The surrounding of the fiber when the fiber is built ■ 
up after the nozzle needs determined conditions, like [ 
5 humidity, temperature, volume of steam flux, defined 

selected composition of the polymer solution, viscosity, 
temperature and a certain composition and condition of 
the center fluid. This from two sides performed 
precipitation of the fiber (from the inner and outer 
side) allows achieving the structure as described above. 

In a preferred embodiment of the present invention, ! 
the membrane has a unique and very specific four-layer 
structure having a diffusive permeability of urea of 15- 
17 x 10* 4 cm/sec measured at 37<>c. The diffusive 
permeability was measured according to B. Klein, F. 
Holland," A. Lebeouf, a. Donnaud, J.k. Smith, "Transport 
and Mechanical Properties of Hemodialysis Hollow Fibers", 
Journal of Membrane Science 1 (1976) 371-396, especially 
pages 375-379. In Pig. 4, a scanning micrograph is shown 
over this preferred four-layer structure. The inner layer 
of the four-layer structure, i.e. the blood contacting 
layer and the inner surface of the hollow fiber membrane, 
is a separation layer in form of a dense rather thin 
layer having, in a preferred embodiment, a thickness less 
than 1 jim and a pore size in the nano-scale range. To 
achieve high selectivity the pore channels with the 
responsible pore diameters are short (<0,1 jam) . The pore 
channel diameter has a very low variation in size. 

Pore size can be made in different ranges, e.g. for 
a low flux membrane in the range of 5-10 nm, and for a 
high flux membrane between 5 and 20 nm, preferably 7 to 
12. This different pore size creates a membrane which has 
a cut off e.g. for low flux of about 5 ooo Dalton and for 
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high flux, of about 40 000 Dalton. The cut off is defined 
as a molecular weight, which is rejected by the membrane. 
The defined pore structure is achieved by selection of 
the composition of the polymer, the composition and 
5 condition of the precipitation media in the center fluid 
and by the condition and composition of the surrounding 
environment of the fiber leaving the spinning nozzle. 

The next layer in the hollow fiber membrane is the 
second layer having the form of a sponge structure and, 
10 in a preferred embodiment of the present invention, a 
thickness of about l to 15 pm and serving as a support 
for said first layer. Then, there is the third layer 
having the form of a finger structure, it provides like a 
framework a mechanical stability on the one hand; on the 
other hand it has through the high void volume a very low 
resistance of transport of molecules through the 
membrane. During the process the voids are filled with 
water and the water gives a lower resistance for 
diffusion and convection than a matrix with a sponge- 
filled structure having a lower void volume. Accordingly, 
the third layer gives the membrane a mechanical stability S 
and has, in a preferred embodiment of the present 1 
invention, a thickness of 20 to 60 jtm. j 
The fourth layer in this preferred embodiment of the I 
25 present invention is the outer layer, with the outer ! 
surface according to above. This fourth layer has in a 
preferred embodiment a thickness of about l to 10 iua. \ 

This four- layer design together with the avoiding of 
fiber cracks and leakages give a high selectivity, which 
30 means, a high potential to separate molecules, which are j 
close in their size, for example, to separate albumin j 
from Pa-microglobulin and Factor D. ' 
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A preferred embodiment: of the membrane according to 
the present invention consists of 65-95 % by weight of 
said at least one hydrophobic polymer and 5-35 % by 
weight of said at least one hydrophilic polymer. 
5 Said at least one hydrophobic polymer is preferably 

chosen from the group consisting of polyamide (PA) , 
polyaramide (PAA) , polyarylethersulphone (PAES) , 
polyethersulphone (PBS) , polysulphone (PSU) , 
polyarylaulphone (PASU) , polycarbonate (PC) , polyeeher, 

10 polyurethane (PUR) , polyetherimlde and copolymers of said 
polymers, preferably polyethersulphone or a mix of 
polyarylethersulphone and polyamide. 

Said at least one hydrophilic polymer is preferably 
chosen from the group consisting of polyvinylpyrrolidone 

15 (PVP) , polyethylene glycol (peg) , polyglycolmonoester, 
water soluble cellulosic derivates, polysorbate and 
polyethylene -polypropylene oxide copolymers, preferably 
polyvinylpyrrolidone. 

In a preferred embodiment of the process according 

20 to the present invention the temperature of the humid 
steam/air mixture is at least 15°C, preferably at least 
30°C, and at most 75°C, preferably at most 60°C. 

Further, the humidity in the humid steam/air mixture 
is between 60 and 100%. 

25 111 another preferred embodiment of the present 

invention the humid steam/air mixture further comprise a 
solvent in a content of between 0,5 and 5%. 

The polymer solution, used in the process of the 
present invention preferably consists of 10-20 % by 

30 weight of the at least one hydrophobic polymer, 3-11 % by 
weight of the at least one hydrophilic polymer, 66-86% by 
weight solvent and 1-5 % by weight suitably additives. 
Suitably additives comprise for example in one preferred 
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embodiment coagulation fluid chosen form the group of 
water, glycerol and/ or other alcohols. 

In one preferred embodiment the solvent is chosen 
from the group comprising n-methylpyrrolidon (NMP) , 
5 dimethylacet amide (DMAC) , dimethylsulpoxide (DMSO) , 

dimethyl formamide (DMP) , butyrolactone and mixtures of 
said solvents. 

In one preferred embodiment said center fluid 
includes a part of said at least one hydrophilic polymer. 

10 Further, it could include at least one of the above- 
mentioned solvents and precipitation medium chosen from ! 
the group of water, glycerol and other alcohols . Most J 
preferably the center fluid consist of 45-70 % by weight 
precipitation medium, 30-55 % by weight of solvent and 0- 

15 5 % by weight of said at least one hydrophilic polymer. 

The present invention will now be described in more 
detail in the examples below. The examples are only given 
by way of illustration and are not to be interpreted as 
limiting the scope of protection of the present 

20 invention. 



Example 1 j 

l 

A polymer solution is prepared by mixing 13,5% of 
polyarylethersulfone, 0,5% of polyamide, 7,5% of pvp K30 
25 and 78,5% of NMP. A mixture of 59% water and 41% NMP 
serves as center fluid. The viscosity of the polymer 

solution, measured at a temperature of 22 °C, is 4,230 
mPas . 

i 

Center fluid is heated to 55°C and putrkped towards a 
30 two- component hollow fiber spinneret. The polymer 

solution is leaving the spinneret through an annular slit 

with an outer diameter of 0,5 mm and an inner diameter of j 

0,35 mm. The center fluid is leaving the spinneret in the 

j 
< 

j 
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center of the annular polymer solution tube in order to 
start the precipitation of the polymer solution from the 
inside and to determine the inner diameter of the hollow 
fiber. 

5 At the same time the two components (polymer 

solution and center fluid) are entering a space separated 
from the room atmosphere. The space is called spinning 
shaft. A mixture of steam (100°C) and air (22 C C) is 
injected into the spinning shaft. The temperature in the 
10 spinning shaft is adjusted by the ratio of steam and air 
at 49*C and a relative humidity of 98%. The length of the 
spinning shaft is 890 mm. By the aid of gravity and a 
motor-driven roller, the hollow fiber is drawn from top 
to bottom, from spinneret through the spinning shaft into 
a water bath in vertical direction. The spinning velocity 
is 50 m/min. The hollow fiber is subsequently led through 
a cascade of water bathes and temperatures increasing 
from 20 to 90*C. The wet hollow fiber membrane leaving 
the water-rinsing bath is dried in a consecutive online 
drying step. After a texturizing step, the hollow fiber 
is collected on a spinning wheel in the shape of a 
bundle. After introducing the bundle into a dialyser 
housing, it is potted with polyurethane , ends are cut, on 
both sides of the dialyser a header is fixed to the 
25 housing, the dialyser is rinsed with hot water and dried 
with air. During this last drying step, and amount of 17 
g of residual water per m 2 effective membrane area is 
left on the dialyser- After labeling and packaging, the 
dialyser is steam- sterilized within the package in an 
30 autoclave at 121*C for 25 rain. 

A scanning micrograph of the outer surface of the 
hollow fiber according to example 1 is shown in Fig. 1. 
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The hollow fiber according to this example had 62 500 
pores in the size of 0,5 to 3 («n per mm 2 . 



5 Example 2 

Hollow fibers were manufactured according to example 
1 with the exception that less steam was used in the 
spinning shaft* The temperature in the spdurming shaft was 
adjusted by the ratio of steam and air at 37°C and a . 
10 relative humidity of .84%. 

A scanning micrograph of the outer surface of the 
hollow fiber according to example 2 is shown in Fig. 2. 
The hollow fiber according to this example had 18 700 
pores in the size of 0,5 to 3 pm per mm 3 . 

15 



Example 3 

Hollow fibers were manufactured according to example 
1 with the exception that no steam was used in the 
spinning shaft. The temperature in the spinning shaft was 
26 °C and the relative humidity was 55%, 

A scanning micrograph of the outer surface of the 
hollow fiber according to example 3 is shown in Pig, 3. 
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The hollow fibers produced according to the examples 
1 to 3 were then evaluated concerning scrapped fibers 
bundles, clearance urea and selectivity myoglobulin- 
/albumin. The results are presented in the table below. 
3 0 The method used for determining clearance urea and 

selectivity nyoglobul in/ albumin (by measuring sieving 
coefficients) was EN 1283. 
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Examples l and 2 are according to the invention/ 
while example 3 not is according to the invention and is 
only given for comparison. 



Example 


Scrapped 
fiber bundles 
(%) 


Clearance 
urea, 
ml/min 


Selectivity 
myoglobul in- 
/albumin 


1 


0,1 


272 


16 


2 


6 


252 


8 


3 


48 


208 


5 



The advantages of the membrane according to the 
present invention over prior art are that it has higher 
selectivity, higher diffusive permeability, improved 
handling properties, improved potting properties, high 
versatility for different types of membranes (low flux, 
mid flux and high flux etc . ) , and shows a higher rate of 
defect -free fibers, although there are high asymmetries 
and high numbers of weight in the membrane structures. 

It will be readily apparent to one skilled in the 
art that various substi tut ions and modifications may be 
made to the present invention disclosed herein without 
departing from the scope and spirit of the present 
invention. 
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1. A permselective asymmetric hollow fiber membrane 
being suitable for, for example, hemodialysis, comprised 
of at least one hydrophobic polymer and at least one 
hydrophilic polymer, characterised in that 
an outer surface of the hollow fiber membrane has pores 
in the range of 0,5-3 fim, and that the numbers of pores 
on the outer surface are in the range of 10 000 to 150 
000 pores per mm a , preferably in the range of 20 000 to 
100 0 00 pores per ram 3 . 

2. A membrane according to claim 1, wherein said 
membrane has a four layer structure comprising a first 
inner separation layer in form of a dense rather thin 
layer, a second layer in the form of a sponge structure, 
a third layer in form of a finger structure, and a fourth 
outer layer in form of a sponge layer having the outer 
surface according to claim l. 

3. A membrane according to claim 2, wherein said 
membrane has a diffusive permeability of urea of 15-17 x 
10 4 cm/sec measured at 37°c. 

4. A membrane according to claim 2 or claim 3/ 
wherein said first separation layer has a thickness less 
than 1 pm, said second layer has a thickness of about 1 
to 15 *im, said third layer has a thickness of about 20 to 
60 |im, and said fourth layer has a thickness of about 1 
to 10 jim. 

5. A membrane according to anyone of claims 1-4, 
wherein it consists of 65-95 % by weight of said at least 
one hydrophobic polymer and 5-35 % by weight of said at 
least one hydrophilic polymer. 
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6. A membrane according to anyone of the claims 1-5, 
wherein said at least one hydrophobic polymer is chosen 
from the group consisting of polyamide (PA) , polyaramide 
(PAA) # polyarylethersulphone (PAES) , polyethersulphone 
(PES), polyeulphone (PSU) , polyarylsulphone (PASU) , 
polycarbonate (PC) , polyether, polyurethane (PUR) , 
polyetherimide and copolymers of said polymers, 
preferably polyethersulphone. 

7. A membrane according to anyone of the claims 1-6, 
wherein the at least one hydrophilic polymer is chosen 
from the group consisting of polyvinylpyrrolidone (PVP) , 
polyethylene glycol (PEG) , polyglycolmonoester, water 
soluble cellulosic derivates, polysorbate and 
polyethylene-polypropylene oxide copolymers, preferably 
polyvinylpyrrolidone or a mix of polyarylethersulphone 
and polyamide. 

6. Process the preparation of a membrane according 
to anyone of claims 1-7 by solvent phase inversion 
spinning, comprising the steps of 

a) said at least one hydrophobic polymer and said at 
least one hydrophilic polymer are dissolved in at least 
one solvent to form a polymer solution, 

b) said formed polymer solution is extruded through 
an outer ring slut of a nozzle with two concentric 
openings, 

c) a center fluid is extruded through the inner 
opening of the nozzle, thereafter 

d) said membrane is washed and preferably dried, 
characterized in that the polymer solution 
coming out through the outer slit opening is, on the 
outside of the precipitating fiber, exposed to a humid 
steam/air mixture* 
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9. Process according to claim 8, wherein the 
temperature of the humid steam/air mixture is at least 
15 e C, preferably at least 30°C, and at most 75 «C, 
preferably at most 60°C. 
5 io. Process according to anyone of claims 8 or B, 

wherein the humidity in the humid steam/air mixture is 
between 60 and 100%. 

11. Process according to anyone of claims 8-10, 
wherein the humid steam/air mixture comprise a solvent in 

10 a content of between 0,5 and 5%. 

12. Process according to any of claims 8-11, wherein 
the polymer solution consists of 10-20 % by weight of the 
at least one hydrophobic polymer, 3-11 % by weight of the 
at least one hydrophilic polymer, 66-86 % by weight 

15 solvent and 1-5 % by weight suitable additives. 

13. Process according to anyone of claims 8-12, 
wherein the polymer solution comprise 1-5 % by weight 
coagulation fluid chosen from the group of water, 
glycerol or other alcohols. 

2 0 14. Process according to anyone of claims 8-13, 

wherein said solvent is chosen from the group comprising 
n-methylpyrrolidon (HTMP) , dimethylacetaraide (DM&C) , 
dimethyl sulphoxide (DMSO) , dimethylformamide (DMF) , 
buturolactone and mixtures of said solvents. 
25 15. Process according to anyone of claims 8-14, 

wherein said center fluid includes a part of said at 
least one hydrophilic polymer. 

16. Process according to anyone of claims 8-15, 
wherein said center fluid includes at least one solvent 
30 chosen from the group comprising n-methylpyrrolidon 
(NMP) , dimethylacetamide (DMAC) , dimethylsulphoxide 
(DMSO) , dimethylformamide (DMF) , butyrolactone and 
mixtures of said solvents. 
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17. Process according to anyone of claims 8-16 , 
wherein said center fluid includes precipitation medium 
chosen form the group water, glycerol and other alcohols, 

18. Process according to anyone of claims 8-17, 

5 wherein said center fluid consist of 45-70 % by weight 
precipitation medium, 30-55 % by weight solvent and 0-5% 
said at least one hydrophilic polymer, 

IS. use of a membrane according to anyone of claims 
1-7 in hemodialysis, hemodiafiltration, and 
10 hemof iltrafcion. 

20. Use of a membrane according to anyone of claims 
1-7 in dialysis and filtration. 

21. Use of a membrane manufactured according to any 
of claims 8-18 in hemodialysis, hemodiafiltration, and 

15 hemof ilt rat ion. 

22. Use of a membrane manufactured according to any 
of claims 8-18 in dialysis and filtration. 
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ABSTRACT 

The present Invention relates to a membrane being 
suitable for, for example, hemodialysis- Said membrane 
comprises at least one hydrophobic polymer and at least 
5 one hydrophilic polymer- According to the present 

invention the outer surface of the hollow fiber has pores 
in the range of 0,5-3 pm and the numbers of pores on the 
outer surface are in the range of 10 000 to 150 000 pores 
per mm 2 , preferably in the range of 20 000 to 100 0 00 

10 pores per mm*. 

The present invention further relates to a process 
for the preparation of said membrane and use of said 
membrane in hemodialysis, hemodiaf ilfcration and 
hemofiltration, and in dialysis and filtration in 

15 general, for example in water purification or 
dehydration. 
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